The Reception of Averroes' View on Motion in the Latin West
and Aristotle did so again, but for a different reason: Aristotle wanted to explain the heavens as a physical mechanism, in which a rolling sphere influences the next adjacent sphere. In order to explain why the movement of the outer spheres does not influence or distort the movement of the inner spheres, Aristotle assumed the existence of 'unrolling spheres; that is, spheres that move in the opposite direction and thus cancel out the motion of the 'rolling spheres: The planet of Saturn, for instance, comprises four rolling and three unrolling spheres, with the effect that it can contain the next lower planet Jupiter without distorting the motion of this planet. Aristotle thus assumed the existence of 55 spheres (or 49 or 47, if Calippus' inventions are not counted). And Aristotle concluded that this also is the number of the eternal unmoved movers of the spheres.
2 Several centuries later, Ptolemy, in his Planetary Hypotheses, will reject several tenets of Aristotle's astronomy and will criticize the assumption of'unrolling spheres' in particular.
3 At the same time, he continues the cosmological tradition of Eudoxus and Aristotle by describing the cosmos in terms of concentric and solid spheres and by adopting much of Aristotle's physics.
When, towards the end of the twelfth century, Averroes wrote his long commentary on this passage of the Metaphysics, he found that Ptolemy's astronomy, which was the ruling astronomy of his day, was in conflict with the physical principles of Aristotelian cosmology. Averroes argued that the eccentrics and epicycles, which Ptolemy had used to calculate the planetary motions, are not real or physical, and that, hence, the astronomy of his day is useful only for calculation, but 'extraneous to nature' CJ:;zarig ' 
enim aut epicyclum dicere est extra naturam).
5 In this critique of Ptolemy, Averroes was not alone, as has repeatedly been pointed out in scholarship.
6 Averroes was the heir of two trends: first, the general trend of Arabic astronomers to write treatises of sukuk, doubts or objections against Ptolemy, in an attempt to reform Ptolemaic astronomy, such as Ibn al-Haytam's Sukuk. This treatise is particularly critical of Ptolemy's 'equant; the punctum aequans, which regulates the speed of circular motion, by making it slower or faster -a clear departure from uniform motion, which many astronomers objected to, among them Nicolaus Copernicus.
7 The second trend is the specifically '.Andalusian revolt' against Ptolemy's astronomy, as A.I. Sabra has called it, by Ibn Bagga, Ibn Tufayl, Averroes, al-Bitrugi, and Maimonides. These authors rejected eccentrics and epicycles altogether because they found them to be in conflict with the Aristotelian physics of concentric spheres. Of these four authors, only al-Bitrugi has attempted to write a full-fledged astronomical treatise, the Kitab fl l-hay'a (On astronomy), composed spheres -that is, only one centre for the entire universe for all spheres, and no cycles around other centres -and only constant, uniform motion. The problem then was how to account for the apparent irregularities in the movement of sun, moon, and planets. Al-Bitrugi's solution was to make the spheres rotate around poles that rotate themselves around poles, the effect being a kind of 'spiral motion: With regard to Ptolemy's epicycle theory, however, Averroes was skeptical from the beginning of his scientific career. This is obvious from a side-remark in the Epitome of the Metaphysics, but also from his Epitome of the Almagest. The latter text dates to ca. 1159-1162, i.e. roughly the same early period as the Epitome of the Metaphysics. In the Epitome of the Almagest Averroes clearly states that the mathematical astronomers in the Ptolemaic tradition hold theories that 'for the most part are not possible; this must be so in the case of the epicycle; since the epicycle is in conflict with the principle of natural science according to which for such a movement one needs a (physical) centre. Nevertheless, Averroes says, he will, in this treatise on the Almagest, concentrate on the astronomy as it is commonly accepted, since there is no demonstrative astronomy. He hopes to do research on the topic in the future. 16 In contrast to al-Bitriigi, Averroes was not an astronomer in the mathematical sense. Even his Epitome of the Almagest is a work with only few numbers. It is nevertheless clear that the project of a radically new astronomy was dear to his heart. Averroes had a particular view of the history of astronomy up to his time. In the long commentary of the Metaphysics, Averroes tells his readers that the ancient astronomers before Hipparchus and Ptolemy did not posit eccentrics and epicycles, but instead posited 'spiral motions: Ptolemy then rejected spiral motions, Averroes says, because he believed that the number of motions would be increased in vain by postulating the existence of spiral motions. Under the influence of Ptolemy, readers of Aristotle were not able to understand what Aristotle says about the astronomy of his predecessors on which he relied -and which is the true astronomy. Hence, for Averroes, the science of astronomy saw a decline after Aristotle, and Ptolemy was partially responsible for it. 'Spiral motion' is a term Averroes encountered in the Arabic translation of Aristotle's Metaphysics: 'lawlabi' ('screw-shaped; 'spiral'). In other texts, such as Physics v-4 (228b24), the Arabic term 'lawlab' translates the Greek nt~ ('screw; 'spiral').
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As has been pointed out before, 19 Averroes here fails to understand Aristotle's point. Aristotle's idea was that one would need 'unrolling' or 'counteracting' spheres: O"<jia(pat av&AtTTOUO"Cll (1074a2-3), which cancel out the movement of a sphere so that it does not distort the movement of the other spheres. The Greek 'av&A(nw' in other contexts means: to unroll a book, i.e. a papyrus roll. 20 The Arabic here reads:
spheres 'allati taduru bi-dawr lawlabi; spheres 'which rotate with a spiral rotation:
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Averroes remarks that the passage in Aristotle's Metaphysics about the alleged 'spiral motion' is difficult to understand, and concludes:
It is best to think of these spiral motions as resulting from opposite motions on different poles, for it thus happens that the star is seen to proceed sometimes forwards and sometimes backwards, sometimes quickly and sometimes slowly.
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What we have here is not Aristotle's idea of 'unrolling' or 'counteracting' spheres, but Averroes' and al-Bitrugi's idea that the irregularities of the planetary movements ought to be explained by the addition of several movements of a sphere on different poles, which would then result in a spiral motion. Averroes here was the victim of Abu Bisr Matta (d. 940), the Syriac-Arabic translator of book Lambda: 23 the term 'lawlabi' was an unfortunate choice, which made it very difficult to understand Aristotle's original intention. It was a productive mistranslation, since it gave historical credit to Averroes' and al-Bitrugi's idea that spiral motions, rotations of poles around poles, should be the backbone of a new, physical astronomy.
It turned out to be difficult to transport the concept of spiral motion into Latin. Michael Scot chose the phrasing 'sphaerae ... quae revolvuntur gyrative; when translating the sentence 'spheres ... which rotate with a spiral rotation' into Latin. 24 In other passages of book Lambda, Michael Scot translates 'lawlab' again with 'gyrativus' or 'gyratio; but once he uses the transcription 'laulab; which in the Latin transmission was soon corrupted into 'lenliab:2 5 In his translation of Averroes' long commentary on De caelo, Michael Scot writes 'laulab:
26 Both 'gyrativus' and 'laulab' are unfortunate translations, because they do not convey the meaning 'spiraI: 27 It remains unclear how an astronomy of spiral motion, as envisaged by Averroes, could be worked out mathematically. It would be rash to conclude, however, that Averroes 'was a poor scientist:2 8 Such a judgement is in line with what some historians of science have said about al-BitrugI, who 'heaps chaos upon confusion' and was not capable of'serious planetary theory; being not more than a philosopher. 29 Or as one historian put it: 'There is no doubt that al-BitrujI deserves to be flunked: 30 In fact, we do not know how convincing Averroes' astronomy would have been if he had found the time and the concentration for it. Averroes certainly was a serious scientist in other fields. It testifies to his scientific quality that his arguments against Ptolemy's astronomy are, as we shall see, both serious and historically influential.
The main arguments which Averroes advances against Ptolemy in the long commentary on the Metaphysics are two. First: an epicyclic sphere, that is, a sphere rotating on a larger eccentric cycle, is impossible since a body which moves circularly has to move around a centre; in the case of an epicycle, a centre would exist which is different from the centre of the universe, that is: 'there would exist an earth other 24 For the Latin, see Averroes, In Metaphysicam, 331'bE. 25 31 In the long commentary on De caelo, chapter I.5, Averroes gives a similar formulation to this argument: the heavenly bodies have a simple, non-composed movement, and a simple movement can only be circular around a centre or directed towards a centre. Hence, an epicycle needs a real centre. 32 The second argument runs as follows: also a simple eccentric sphere (a deferent) is impossible. Because then there would be an empty space between the celestial bodies, and since a vacuum is impossible, one would need to postulate the existence of heavenly bodies whose sole purpose would be to fill in the empty space. 33 In what follows, I shall inquire into the extent to which these arguments influenced the commentary tradition on Metaphysics Lambda in the Latin speaking world. Edward Grant, in the footsteps of a pioneering study by Pierre Duhem, has translated and analysed the reception of Averroes' arguments by the scholastic authors Bernard of Verdun, in the late thirteenth, and John Buridan, in the fourteenth century.
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I shall briefly touch upon these authors, and upon Albert the Great and Thomas Aquinas. But my focus will be on two Latin experts on Averroes, John of Jandun (d. 1328) Calippus, the contemporary of Aristotle. The influence of Averroes' comments is only felt in that Albert shows an awareness of the fact that the epicycle-eccentric theory is disputed. Albert argues that the critique of the eccentric and epicycle theory is not well founded, because it is based on the assumption that all celestial bodies share the same nature, the fifth elementary nature, and that hence they need to have the same motion. But the corporeal nature of the celestial bodies in fact varies, Albert argues, which is why their movement varies. Albert does not want to settle the astronomical problem. He writes:
We do not approve or disapprove of the theory of eccentrics and epicycles, but we will show in what follows that the celestial bodies have every movement that the moving intelligence needs for producing the forms it has in matter. 35 In other works by Albert, there is further evidence for his rejection of al-Bitrugi's and Averroes' astronomical positions, especially in the commentary on De caelo. Among the arguments employed by Albert are also empirical ones, such as that the diameter of planets appears sometimes shorter, sometimes longer. The variation of the diameter would not be observable in a strictly concentrical cosmos, where the planets always keep the same distance to the earth; and hence Averroes' theory is mistaken: Averroes errat graviter. in small circles, which they call epicycles. 38 Thomas then puts forward arguments against this position, which are all drawn silently from Averroes: the PythagoreanPtolemaic theory is in conflict with the proven principles of natural science. All movement is related to the centre of the world. One would have to assume a void between the spheres to make room for the eccentric sphere or, alternatively, to postulate the existence of unmoved bodies in the empty space. The sphere through which the epicycle moves, could not be solid, but would have to be divisible. And Thomas continues:
But all these things are against what has been proven in natural science. To avoid them, Eudoxus, who was aware of this, posited for each planet several spheres that have the earth as their centre.
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Since Thomas does not mention Averroes as the source of these arguments, the reader is led to assume that, anachronistically, Eudoxus himself was aware of these deficiencies of the Pythagorean epicycle theory. Thomas transports Averroes' arguments backwards in history to support Eudoxus' and hence, indirectly, Aristotle's position. Thomas 43 because there is one irregularity in the movement of the heavens which cannot be explained without recourse to eccentrics: the varying distances of the planets to the earth. An eccentric sphere is not equidistant from the earth in all its parts, but is closer to the earth at one point and further away at another, Buridan argues. Eccentricity therefore can explain this irregularity, for which one does not need to assume the existence of epicycles. Averroes, Buridan says, has made attempts to find a different explanation, but was not successful, 'as he confessed' The eccentric-epicycle theory has to concede that there exists a motion which is neither directed at a centre nor coming from a centre nor moving around a centre, since the centre of this motion would not be the centre of the world. Jandun presents justifications for all five arguments. He then introduces his conclusion by differentiating between two possible interpretations (imaginationes) of the eccentric-epicycle theory. He first describes these interpretations with respect to eccentrics and then turns to epicycles:
It also has to be noted that there are two ways in which we can understand (imaginari) (the theory) that the epicycles are in the celestial bodies. (1) One way is that half of the epicycle is outside the extreme surface of the deferent (circle) and half of it inside. This (version of the theory) is impossible, since it would necessarily entail the above-mentioned absurdities, because the first half ( of the epicycle) would reach outside the extreme surface of the deferent, and if it moved, it would have to come to a place where there was a vacuum or a plenum before, as is obvious to those who study the descriptions below. If a vacuum, it would not move outside the extreme surface of the deferent because, if there existed a vacuum, there would not exist movement, as stated by Aristotle in the fourth book of the Physics. If a plenum, there would occur a penetration of dimensions.
The Commentator presumably disproved the epicycles this way according to this false understanding (falsam imaginationem). (2)
The other way is that the whole epicycle is within the extreme surface of the deferent which carries the planet, so that the epicycle is in the depth of the deferent. Hence, the deferent circle needs to have such a depth that it can receive and comprise the entire epicycle and its diameter, and that the epicycle moves in its depth around its own centre. In this latter way these epicycles are possible.
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This conclusion is formulated again in a brief paragraph at the end of the quaestio: Averroes' arguments hold only against the first understanding of the epicycle theory, Jandun argues, because then the spheres would not be contiguous; they do not hold against the second understanding. so The ultimate source of this passage, or rather the source of the second and true understanding of epicycle theory, is Ptolemy himself. In the Planetary Hypotheses, Ptolemy gives a physical interpretation of the astronomy of the Almagest. Eccentrics and epicycles are now described as three-dimensional, solid spheres, and not as two-dimensional circles, as in the Almagest. The epicycle spheres are nested within the deferent spheres. The planetary distances from the centre of the earth are always such that the minimum distance of a planet is equal to the maximum distance of the next lower planet, so that the two spheres never interfere. Ptolemy discusses the planetary distances in detail, and also advances a biological interpretation of the universe: the celestial spheres have souls, which move themselves. 51 Ptolemy's system of nested spheres was embraced by many Arabic writers, often without the biological cosmology. The medieval Latin world also got to know of it, but not through Ptolemy's Planetary Hypotheses themselves. Of this treatise, only the first part survives in Greek; the whole text is extant in Arabic and in a Hebrew translation from the Arabic; a medieval Latin version does not seem to exist. Instead, Ptolemy's cosmological system reached the Latin West by way of at least two other channels: first through al- Among the earliest Latin recipients of this theory was Roger Bacon, as Pierre Duhem has shown. 55 In his Opus tertium, which was written in Paris in the 1260s, Bacon relates Averroes' arguments against the eccentric and epicycle theory, without mentioning Averroes: Ptolemy's theory jeopardizes the concentricity of the cosmos and has to concede the existence of a vacuum or the existence of two bodies in one place. 56 Bacon then proceeds to discuss the conception of the problem by some modern scholars (quaedam imaginatio modernorum), in defense of Ptolemy's position. The 'modern understanding' presented by Bacon is the nested-spheres theory. Duhem had already surmised that Ibn al-Haytam was the source of Bacon's 'understanding of the moderns:
57 And, indeed, Bacon's vocabulary clearly indicates that he is drawing on Ibn al-Haytam's newly translated On the Configuration of the World: the spheres have one 'superficies convexa' and one 'concava' (a convex and a concave surface); the epicycle is 'infixus' (inserted) in another sphere with 'superficies equidistantes' (equidistant surfaces), in the middle of the 'spissitudo' (depth) of the sphere; the eccentric sphere is 'deferens secum' (carrying with it) the epicyclic sphere, and the planet 'movetur' (is moved) with it. 58 It is noteworthy that the Latin reception of the nested-spheres theory was critical from the beginning; Bacon here sets the tone. He finds it in conflict with, among other things, the observation that the moon always shows the same side to the earth. This can only be explained by the un-Aristotelian assumption that the moon moves around its own centre or by demanding the concentricity of the spheres. 59 It was important, however, that Bacon was not willing to embrace al-Bitrugi's and Averroes' concentric astronomy either. He offers empirical arguments in favour of Ptolemy's theory, among them the non-uniformity of the planetary motions (inuniformitas motus planetarum) and the varying distances of the same planet towards the earth. The influence of these arguments can be seen in Bernard of Verdun and John Buridan. Bacon thus offered arguments for either side, without ending the discussion with a proper conclusion.
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It is very likely that John of Jandun's distinction between two 'imaginationes' of the epicycle theory is another echo of Roger Bacon's Opus tertium. But while Bacon accuses the nested-sphere cosmologists to be ignorant of proper Ptolemaic astronomy, Jandun welcomes the interpretation. In his view, the epicycle and eccentric theory is justified if interpreted as a system of nested spheres. On the other hand, Jandun argues, Averroes was right with his criticism of Ptolemy, since his arguments are conclusive when directed against a cosmology in which the movement of the epicycles reaches outside the deferent sphere. Jandun's obvious aim was to rescue both Ptolemy and Averroes.
When in the late fifteenth century Agostino Nifo (d. 1538) From Jandun's perspective, Averroes' arguments are strong, but only hold against a specific interpretation of Ptolemy, which does not integrate the idea of nested spheres. Nifo, in turn, rightly criticizes that Averroes does not draw the distinction between two different interpretations of the eccenfric and epicycle theory, and that Averroes' true intention is the radical rejection of Ptolemaic astronomy and the return to concentric spheres. Nifo explains that Averroes' strongest argument is that the whole and the parts of the universe have to have the same centre, and that nothing helps against this argument.
Interestingly, Jandun had seen this reply coming: he believes that Averroes wanted to argue only against a specific interpretation of Ptolemy's theory, but he concedes that Averroes' 'words do not have this appearance, because the wording seems to indicate that Averroes wanted to remove these spheres entirely (simpliciter): 64 Jandun admits that his interpretation does not take Averroes' words at face value. He turns Averroes into a reformer of Ptolemaic astronomy, while Nifo sees him as a revolutioner. Nifo comes closer to the historical truth. As has been shown recently, Averroes was very well aware of the nested-spheres interpretation of the Arabic hay'a-Tradition since his early Epitome of the Almagest. He was even acquainted with Ibn al-Haytam's On the Configuration of the World and Doubts. 65 But, as was pointed out above, Averroes was skeptical about the existence of epicycles from the very beginning. In this regard, he differed much from Ibn al-Haytam: he did not demand a reform of the Ptolemaic system, but its replacement.
Nifo's second line of criticism is directed against Jandun's alleged ignorance of Averroes' theory of' lenliab; that is, in Michael Scot's translation: of' laulab' or 'gyratio; which translate the Arabic 'law/ab' ('spiral motion'). Nifo rightly insists that this is the core idea of Averroes' astronomical theory. In fact, Jandun, for all his detailed exposition of Averroes' arguments, does not mention 'laulab' or 'motus gyrativi' at all when discussing the eccentric and epicycle theory in quaestio 20 of his commentary on book Lambda. It may well be, however, that the reason for this silence is the problematic textual tradition of the passage in Latin. For in many manuscripts of the Metaphysics commentary the terms 'gyrativi' and 'gyratio' ('spiral') are corrupted into 'generativi' and 'generatio' ('generation'). Also, the transcription 'laulab; which Michael Scot had used once in the Metaphysics commentary, was often subject to corruption in the Latin manuscript transmission. In view of this, it may have been a wise choice on Jandun's side not to discuss Averroes' theory.
Nifo himself was struggling with these textual problems. The text he was using reads 'generatio' instead of 'gyratio: Nifo tries his best to make sense out of a corrupt text:
Now Averroes explains Ptolemy's error. He means that Ptolemy ignored the basic principle (Jundamentum) of the ancient thinkers, by which they posited the movement of multiplication, that is, multiplication by generating (generando) many movements. 66 Hence, in this passage, Averroes' idea of a spiral motion is transformed into an unspecific principle which generates many movements. This is a misunderstanding, but, with the help of Averroes' De caelo commentary, Nifo managed to unearth at least one part of Averroes' theory, namely the idea that planetary movements can be explained as rotations around several different poles (circa varios polos)
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-which is a reflection of al-Bitrugi's and Averroes' original concept of poles rotating around other rotating poles.
To conclude: Averroes' arguments certainly fell on fertile ground in the Latin West. The arguments themselves were well understood, and some authors, such as Thomas Aquinas and Agostino Nifo, were convinced by them, with the result that they were outspokenly critical of Ptolemy's astronomy. Other scholastics, such as John of Jandun and John Buridan, accepted large parts of Averroes' argumentation, but nevertheless tried to find a compromise position that rescued the Ptolemaic system. Still others, such as Albert the Great and Bernard of Verdun, rejected Averroes' arguments and maintained the physical reality of eccentrics and epicycles. It was one aim of this paper to show that this discussion was not confined to textual genera of astronomy and natural philosophy, but also entered the commentary tradition on Aristotle's Metaphysics for a long period. Some commentators on the Metaphysics even embarked on detailed discussions of astronomical theories. This is largely due to the influence of Averroes.
At the same time, Averroes' arguments were facing heavy contrary winds. From Albert the Great and Roger Bacon onwards, an array of empirical arguments was advanced against Averroes' critique, which invalidated the latter's position in the discussion. Moreover, the partisans of Ptolemaic astronomy received much support from the nested-spheres cosmology, which offered a model of how to interpret the Ptolemaic system physically. John ofJandun's commentary on Lambda is a witness to this development: Jandun acknowledges the strength of Averroes' arguments, but argues that they do not hold against a nested-spheres interpretation of Ptolemy's astronomy. The medieval Latin commentators were not aware of the fact that such an interpretation ultimately derived from Ptolemy's Planetary Hypotheses, but they apparently smelled its compatibility with Ptolemy's astronomy. The nested-spheres theory reached the Latin West mainly through Ibn al-Haytam's treatise On the Configuration of the World, which was translated into Latin in the twelfth or thirteenth century. That Ibn al-Haytam was the main channel of influence, is clearly indicated by verbal parallels between On the Configuration of the World and Roger Bacon's Opus tertium (of the 1260s), which in turn influenced several later authors. A later representative of this tradition was Georg Peurbach's influential textbook Iheoricae novae planetarum of the 1450s. 68 In the history of medieval cosmology, John of Jandun and Agostino Nifo occupy a special place. They count among the most dedicated and productive Latin admirers of Averroes as a philosopher and commentator. Their knowledge and understanding of Averroes' cosmology much surpasses that of their fellow commentators treated in this survey. To be sure, even Agostino Nifo, a champion of Averroes exegesis, was not able to make much sense of Averroes' beloved project, the spiral motion theory, for two reasons: because Averroes himself had only given a sketchy account of this idea, and because of textual problems. Michael Scot's term 'gyrativus' ('circular'), in addition to often being corrupted into 'generativus; does not transport the meaning 'spiral' of the Arabic term 'lawlabi: Despite these problems, Jandun and Nifo unearthed the full power of Averroes' arguments and thereby contributed to the criticism of Ptolemy in the Latin West. It has been pointed out before that, when Nicolaus Copernicus was studying at Cracow, Bologna and Padua, Averroes had reached a high point of popularity and that Averroes' critique of Ptolemy was much discussed in these universities, for instance by Albert of Brudzewo (d. 1495) in Cracow and Alessandro Achillini (d. 1512) in Bologna. 69 The case of Agostino Nifo is a further indication that there existed a current of intellectuals at Renaissance universities who, inspired by Averroes, openly rejected central features of Ptolemaic astronomy as untenable from a physical point of view.
